ABSTRACT.-The Peregrine Falcon (Falco peregrinus) became extirpated during the 1960s, while the Prairie Falcon (Falco mexicanus) increased on a sympatric nesting range along a section of river in Alberta, Canada. Following the release of 233 captive-reared juvenile peregrines in 1992-96, some peregrines returned to the river to breed, reaching a high of seven pairs in 2000, but declining again to two pairs in 2006. In an inverse relationship, the number of Prairie Falcon nests dropped from five to two and then went back up to four. We hypothesize that the peregrine's failure to reach former densities in the study area was due to habitat deterioration which resulted in a reduced prey base compared to pre-1960s conditions. Interspecific strife with Prairie Falcons was common at contested nest sites. The Peregrine Falcons were the dominant aggressors, replacing pairs of Prairie Falcons at some, but not all, historical cliff eyries.
The North American breeding range of the Peregrine Falcon (Falco peregrinus) has the entire geographic range of the Prairie Falcon (Falco mexicanus) within it (Palmer 1988) . The two species are quite similar in size and physiology. However, they are ecologically separated by habitat and prey preference, with the Peregrine mainly selecting breeding sites near water (Cade 1982) , and the Prairie Falcon inhabiting more arid regions (Enderson 1964 , Brown and Amadon 1968 , Steenhof 1998 ). Where they occur sympatrically, the Prairie Falcon is usually the more common of the two (Porter and White 1973) .
Food availability is an important criterion in the distribution and abundance of the peregrine in its nearly worldwide range (Ratcliffe 1980) . In the American west, scarcity of avian prey may contribute to the relative paucity of the peregrine in arid regions (Porter and White 1973) . Furthermore, peregrines and Prairie Falcons compete for cliff nesting sites, and where suitable locations are scarce, the presence of one species may influence the numbers and distribution of the other (Newton 1979) . Nevertheless, Peregrine and Prairie Falcons are reported to be more or less compatible and to coexist side by side with a minimum of hostilities, even switching nesting sites in different years (Porter and White 1973 , Cade 1982 , Palmer 1988 .
The published literature contains very little and only anecdotal information on agonistic interactions between peregrines and Prairie Falcons. In aerial performance, the latter is considered a match for the peregrine (Walton 1978 , Cade 1982 , and at higher elevations, the Prairie Falcon -apparently due to its lighter wing loading -is believed to outfly the peregrine (Brown and Amadon 1968:835, Nelson 1969) . However, in a few cases, peregrines are known to have replaced Prairie Falcons at nest sites and forced them to abandon their eggs (Porter and White 1973:60) . In California, a female Prairie Falcon was struck down and assumed to have been killed in a cooperative attack by a pair of peregrines (Walton 1978) . In Utah, the three young of Prairie Falcons nesting 300 m from peregrines were killed by them soon after fledging (White et al. 2002) . By contrast, there are no reports of peregrine fatalities caused by Prairie Falcons. Interspecific kleptoparasitism (the robbing of prey by one species from the other) may be expected to occur either way, but in the only two published incidents known to us the peregrine was the loser (Beebe and Webster 1964, Dekker 1999) .
Changes in climatic conditions or land management that result in a loss of essential habitat and food resources may favor one falcon species over the other. For example, during a period of drought on a sympatric breeding area in Utah, about 50% of the peregrine eyries became vacant and were taken over by Prairie Falcons (Nelson 1969) . A similar switch occurred in central Alberta during the 1960s when the peregrine population died out (Enderson 1969) . The primary cause of this extirpation was believed to be toxic chemical residues in the food chain, superimposed on the robbing of nest young by humans (Dekker 1967) . Less clear was the detrimental impact of environmental changes, such as modern agricultural practices and the draining of area wetlands. During the process of peregrine extirpation in central Alberta, the number of Prairie Falcons increased, suggesting the possibility that the latter had displaced the peregrines by aggressive competition for prey or nest sites (Dekker 1967 ). An effort to better understand the relative importance of the above factors was recommended by Rowell et al. (2003) .
An opportunity to reexamine the interspecific dynamics arrived between 1992-96 with the reintroduction of captive-reared peregrines in the study area by the Alberta Fish and Wildlife Division (AFWD) in association with the Canadian Wildlife Service (CWS). Similar programs have been very successful across North America (Cade and Burnham 2003) . In this paper, we report on: (1) the number of nest sites occupied by Peregrine Falcons in the study area before their 1960's extirpation, (2) peregrine population fluctuations after their 1992-96 reintroductions, and (3) agonistic interactions between peregrines and Prairie Falcons at contested nest sites.
STUDY AREA AND METHODS
The study area consists of two sections (A and B), 30 and 100 km long respectively, of the Red Deer River valley in central Alberta, Canada (52uN, 112uW) . The river is 80-150 m wide and flows in a southeasterly direction through a gently sloping agricultural plain containing widely scattered farm buildings and woodlots. Depressions are filled with shallow wetlands that vary in size depending on annual precipitation. The valley is 0.5-1 km wide and about 80 m lower than the mean elevation (860 m) of the uplands. Portions of the valley bottom are used for agriculture and livestock grazing. South-facing valley walls are semiarid and grassy; the north-facing aspect supports a narrow strip of white spruce (Picea glauca) and trembling aspen (Populus tremuloides). Steep and eroding escarpments feature limestone outcrops and cliffs. The local climate is cold continental, and the river is ice-covered from November to late March.
Depending on pockets of suitable habitat, the original and current nesting range of the peregrine includes all of Alberta (Palmer 1988 , Corrigan 2000 . The Prairie Falcon's breeding range in North America reaches its northern limit at the latitude of the study area (Steenhof 1998) , although there are two isolated nesting records, respectively 150 (Semenchuk 1992) and 500 km farther north in Alberta (R. Corrigan, AFWD, unpubl. data) . While the Peregrine Falcon migrates south in early fall, the prairie is a year-round resident in the province (Godfrey 1986, Dekker and Lange 2001 Study area B began downstream from area A and was first surveyed in 1992 when AFWD began a mass-release of captive-reared Peregrine Falcons. During the program's 5 yr of operation, hack boxes were installed on four area B cliffs, two of which were occupied at the time by Prairie Falcons. Their young were removed and taken into captivity. In 1996, a fifth release box was installed in area A at a site which had no known occupancy, past or present, by wild falcons of either species. The total number of juvenile peregrines successfully released on the Red Deer and other southern Alberta rivers was 223 (Holroyd 2003) . After the releases had stopped, R. Corrigan traveled the river by boat or helicopter to locate nesting peregrines. Known sites were monitored yearly. One or more captivereared young were added to four pairs with less than four young of their own. At about 3 wk of age, nest young were fitted with standard metal and plastic alpha-numeric bands: red for captive-reared birds and black for wildraised young.
Opportunities for studying the foraging habits of these falcons were limited. We rarely saw them attack prey. Upon leaving the valley, both the peregrines and the Prairie Falcons commonly soared and sailed out of view (Dekker 1993 (Dekker , 1999 . Waiting for their return, we recorded the number of food items brought back to the nest. We did not collect prey remains at the eyries.
RESULTS
In 1960, study area A contained five nesting pairs of peregrines, including two in the VF section. Single adults were seen at two additional sites upriver from VF. In 1965, two of the known nesting sites were still occupied: one situated in the VF section, the other 10 km downriver from there. Both were abandoned by 1967 (Dekker 1993) .
Area A contained four breeding pairs of Prairie Falcons in 1960, and three in 1965. In addition, two single Prairie Falcons frequented VF cliffs after they had been vacated by peregrines. By 1995, the number of occupied Prairie Falcon eyries in area A increased to five.
Area A cliff sites known to have been occupied over the years by breeding falcons of either species varied in aspect; five were north-facing, and four faced south. By 1995, four of five occupied sites faced north. After 1995, only one VF site has been continuously in use by Prairie Falcons nesting in the same cavity each year. The four other sites alternated in occupancy between Prairie and Peregrine Falcons that used the same or different nest ledges. Aggressive interactions between neighboring pairs were observed only at the two VF sites that were closest together (400 m), only when the pairs were of different species, and only during the early part of the breeding season.
We have no information on the historical Peregrine and Prairie Falcon populations of study area B. No peregrines were found in 1992 when AFWD began its releases of captive-reared peregrines. The number of Prairie Falcons breeding in area B was likely greater than the two pairs recorded at cliffs selected for the placement of hack boxes. In 1996, after the peregrine releases were completed, firstyear peregrines, returning from their migrations, became summer residents at the hack sites. In 1994, the first mated peregrine pair laid eggs and raised young in one of the boxes. Henceforth, up until 2006, one or more of the hack sites were occupied yearly, although the falcons sometimes laid their eggs on nearby rock ledges instead of inside the boxes.
In 1997, R. Corrigan found the first successful nest site at a natural cliff in the valley. This was the very last cliff that had been used by peregrines prior to their extirpation (Dekker 1999) . By 2000, there were pairs at three traditional natural sites in area A, and the total number of peregrine nests in areas A and B reached a high of seven (Fig. 1 ).
The peregrine expansion ended in 2000 and the population began to show a decline. By 2006, the number of eyries had dropped from seven to two (Fig. 1) . One of these two pairs used an area B hack box, while area A contained the only nest on a natural cliff ledge. The mean number of fledglings produced (excluding fostered young) was 1.8 per occupied site (N 5 54), which is near the average for many peregrine populations (White et al. 2002) . However, the turnover of one or both adults was high at eyries that were occupied for two or more years in a row (8/12), and there was a rather high incidence of first-year females (N 5 4) in nesting pairs which failed to produce young.
The Prairie Falcon population in area A showed an inverse relationship with the peregrine fluctua-tion (Fig. 2) . After 1995, the number of resident Prairie Falcon pairs declined from five to two, but increased again to four in 2004-06. The mean number of young at successful Prairie Falcon eyries was 4.4 (N 5 25), but not all sites were checked after egg-laying time. In most years, two prairie nestlings were collected under falconry permits. In three instances, entire broods disappeared for unknown reasons.
Interspecific Strife. We recorded agonistic interactions between Peregrine and Prairie Falcons at five different cliff sites on 33 d. The peregrines always were the aggressors and appeared to be faster, more agile and more persistent in pursuit than the Prairie Falcons. In contrast, the latter allowed their opponents to pass by unchallenged. Frequent aerial combat took place at only three cliffs. In years when both species were present early in the breeding season, the peregrines dominated the air space above, below and on either side of the Prairie Falcons' nest ledges. Prey-carrying parent Prairie Falcons that were intercepted by peregrines evaded their attackers by dropping down onto the escarpment, often into some vegetation. Bodily contact was seen only once, when a male Prairie Falcon was seized by a male peregrine and forced down to the ground. Nevertheless, the pair of Prairie Falcons prevailed and remained in possession of the superior nest ledge.
We recorded four conflicts in which a pair of peregrines succeeded in evicting Prairie Falcons from their nest sites. However, in four other cases the peregrines were unable to evict the Prairie Falcons, and in two additional cases a site usurped by peregrines reverted back to Prairie Falcons in the subsequent year. The appendix contains details of ownership changes at three of the most contested cliff sites.
DISCUSSION
As falcons ''use the same nesting places in different years, monitoring becomes easier and the value of population studies increases the longer they are continued'' (Newton 1979) . Although our sample size is small, the long-range data for study area A show that the reintroduced peregrines regained 60% (three out of five) of their historical nesting cliffs. Moreover, they succeeded in their comeback in a relatively short time of 3 yr. However, contrary to expectations (Holroyd and Banasch 1990) , the successful reintroduction of the peregrine did not lead to continued expansion along the Red Deer River. We can only speculate as to the cause or causes.
On the basis of our observations that the Peregrine Falcon was the dominant aggressor with superior flying skills at all contested nest sites, we feel our data do not support the hypothesis that the 2000-06 peregrine declines were the result of interspecific competition with the Prairie Falcon for nest sites. However, such competition may have been a contributing factor, as suggested by the fact that the peregrines often failed to form pairs of adult age, and that they, either singly or even as a mated pair, were not always successful in driving off nesting pairs of prairies.
We have no indication that the peregrines were subjected to human-caused fatalities in the study area, nor do we have any reason to suspect that agricultural or industrial chemical residues were implicated in the decline. As noted, the proportion of first-year recruits on nest sites was rather high, which is typical of populations that are in flux (Newton 2003, Tordoff and Redig 2003) , and peregrines are known to do poorly in their first breeding attempts (Court et al. 1988b) .
However, by comparison, most other peregrine reintroduction programs have resulted in sustained growth (Enderson 2003) . Even in regions where no releases took place, contemporary peregrine populations have regained or are now exceeding historical densities (Cade and Burnham 2003) . Philopatry and site tenacity are typical in Peregrine Falcon ecology, and a numerical increase in recovering populations is an indicator of population viability and normalcy (Cade 2003) . In contrast, the absence of such growth in central Alberta is notable, and it spurred us to investigate what might be occurring there.
The Prey Base Hypothesis. The introduced peregrine population in the study area began its downward adjustment 4 yr after the releases were stopped. Apparently, while the captive-reared cohort was dying off, it was not being replaced at the same rate by a younger generation. We suggest that a factor that might be responsible for the failure of these falcons to regain their former population level is an inadequate prey base compared to the pre1960s. Although the reproductive output was kept near average by the few successful pairs which had secured pockets of adequate habitat, prey scarcity may have been at the root of the high adult turnover and the eventual abandonment of other sites. Factors that have negatively affected the avian community of the region after the 1960s are changes in agricultural practices and land use that have resulted in escalating declines in the number and ecological quality of wetlands (Turner et al. 1987) . Although we have no data on the prey base in our study area, habitat deterioration can be expected to have resulted in a downward trend in waterfowl, shorebirds, and other peregrine prey. For example, feral Rock Pigeons (Columba livia), that are a worldwide staple for peregrines (Ratcliffe 1980 , Palmer 1988 , became much scarcer than formerly in central Alberta after old-style wooden field granaries were destroyed and replaced with metal silos on farmyards (Dekker 1993 (Dekker , 1998 . Similarly, Gray Partridges (Perdix perdix) have been negatively affected by the use of herbicides, modern grain storage methods, and early fall tilling (D. Dekker unpubl. data). One species that can be expected to have increased is the European Starling (Sturnus vulgaris), which is a common prey for male peregrines in populated regions (Palmer 1988) as well as in our study area.
We noted that the two remaining peregrine eyries in the study area are within flying distance (3-10 km) of remnant pockets of ''knob and kettle'' topography, formed by glacial deposits and characterized by wooded hillocks and many small ponds. By contrast, peregrines are absent from river sections where the adjacent uplands have been cultivated right up to the valley rim.
The prey-base hypothesis is further supported by circumstantial evidence from elsewhere in central Alberta. As of 2006, peregrines have yet to return to historical cliff breeding sites along other major rivers in agricultural regions of the province (R. Corrigan unpubl. data). By contrast, reintroduced falcons have been nesting in both of the province's large cities since the late 1970s (Holroyd and Banasch 1990) . Moreover, at least four peregrines dispersing from natural cliff sites on the Red Deer River -identified by their band numbers -have become breeding adults in nest boxes on high city buildings and industrial towers in the province (G. Court pers. comm.). Dispersal from natural habitats to urban breeding sites was also noted in recovering peregrine populations in California (Kauffman et al. 2004 ). In Alberta, as elsewhere in North America and Europe, there is mortal competition for urban territories (Tordoff and Redig 2003, Van Geneijgen 2005) . While dispersal from urban to natural cliff sites is still rare (Tordoff and Redig 2003) , city falcons have been moving out to high structures in rural settings for more than a decade. During the 1990s, offspring from the Edmonton city population, as well as those from a river population in western Alberta, spread to four power plants near an Alberta lake, even before nest boxes were placed on the stacks. The main food of these breeding pairs is the Franklin's Gull (Larus pipixcan), which is seasonally common and easily caught (Dekker and Taylor 2005) .
The abundant prey base of peregrines nesting on Alberta power plants and in the cities is in sharp contrast to our study area, where we saw the following signs of apparent food shortages. (1) At site A1, only the males were seen to bring in prey for the nestlings. Even after absences of 3-4 hr, the females returned without food, although their swollen crops indicated that they had hunted and fed themselves well away from the nest site. (2) During a failed nesting attempt at cliff A2, the adult male, upon returning from long absences (1-3 hr), alternated brooding duties with the female, but he did not always bring food for her (N 5 3). In one additional instance, he refused to share a prey item with the aggressively begging and wailing female. (3) Prey items (N 5 60) brought to VF sites included 73% small passerines and swallows; 10% waterbirds; 10% Richardson's ground squirrels (Spermophilus richardsonii), and 7% unidentified prey. In terms of biomass, the mammalian portion of the diet is substantial. Ground squirrels are locally common and have not been previously recorded as prey for peregrines in central Alberta. However, during years of cyclic abundance, ground squirrels and other rodents accounted for 33% of prey biomass of peregrines in northern Canada (Court et al. 1988a, Bradley and Oliphant 1991) .
We saw no evidence of food shortages at the Prairie Falcon nests. During 64 hr of watching at VF sites, the nestlings appeared well-fed, often with bulging crops, ignoring newly-brought food. Of 28 prey deliveries, 75% were ground squirrels. Ground squirrels and other small mammals are also the main prey of nesting Prairie Falcons in Idaho (Steenhof et al. 1999) . In a very large sample of food items brought to Idaho eyries only 4% were birds (Holthuijzen 1990 ). This contrasts with our study in which birds made up 25% of prey items, including five small passerines and two Killdeer (Charadrius vociferus). Steenhof (1998) did not list shorebirds in the known prey of the Prairie Falcon. However, nonbreeding falcons commonly hunt sandpipers in Alberta wetlands (Dekker 1982) , and Prairie Falcons nesting in Utah commonly preyed on juvenile American Avocets (Recurvirostra americana). Porter and White (1973) stated that, where both species of falcon occur together, the Prairie Falcon ''assumes the role of generalist while the peregrine is the specialist.'' In our study area, the Prairie Falcon could indeed be called a food generalist. By the same token, the peregrine too is a generalist, as suggested by its use of ground squirrels as well as birds.
Conclusions. In contrast to observations reported by other investigators (Brown and Amadon 1968 , Nelson 1969 , Walton 1978 , Cade 1982 , we found the Prairie Falcon no match for the peregrine in the air. In all incidents of territorial conflict, the peregrines were clearly the dominant aggressors, whereas the Prairie Falcon's defense was weak and evasive. As in incidents reported from Utah (Nelson 1969, Porter and White 1973) , nest site takeovers in our area included at least one case of forced egg abandonment at the expense of the Prairie Falcons. Nevertheless, the peregrines we observed were not always capable of displacing the Prairie Falcons, which supports the contention that both species can exist side by side (Palmer 1988) . By way of explanation, we hypothesize that the decisive factor in interspecific combat derives from individual differences in size, dominance, and tenacity, which can either lead to a swift takeover of a nest site or a long standoff. As reported by Dekker (1999) , the reintroduced peregrines were noticeably smaller in size than the historical breeding population. Initially, this may have hampered the species' chances of replacing the Prairie Falcon at contested cliff sites.
Furthermore, it was apparent to us that some cliff sites held by Prairie Falcons were easier to defend than others. For instance, two contested sites were situated on partly-wooded escarpments that allowed the Prairie Falcons to take shelter and evade attacking peregrines. By contrast, two other sites that included sheer rock faces were the first to revert back to peregrines after their 30 yr absence.
In any landscape, the ''upper limit to the number of established raptor pairs is set by food or nest sites, whichever is in shorter supply'' (Newton 1979) . A link between Peregrine Falcon breeding density and the food supply was reported from various habitats (Court et al. 1988a , Ratcliffe 1980 , Nelson 1990 , Johnstone 1998 , Newton 2003 . Based on our observations, we believe that the peregrine population in our study area is not limited by the availability of nest sites but by its food resource. The fact that the current number of territorial pairs is well below the 1960 level suggests that the carrying capacity of the region, in terms of the prey base for these falcons, has shrunk. A similar conclusion, also untested, was reached for populations in Fiji and Vanuata (White et al. 2000) .
Although the Prairie Falcon population is back at its former level, current numbers appear to have reached a plateau as suggested by the intensity of intraspecific territorial disputes. Against conspecifics, the Prairie Falcon is a fierce defender. Unlike peregrines, which generally fight birds of their own sex, Prairie Falcons attack both sexes (Steenhof 1998) . In April of 2003 and again in 2004, there were two pairs of prairies at the same site and the level of hostilities was intense. The resident male repeatedly seized the intruding female, and the intruding male tackled the resident male while the latter was standing on the nest ledge near the brooding female. One day, there were two females disputing the nest ledge while the males were en-gaged in aerial battle. Eventually, only one of the pairs prevailed. These observations support our conclusion that the Prairie Falcon, unlike the peregrine in the study area, is limited by competition for available nest sites. LITERATURE CIITED again replaced by peregrines in 2004. We did not observe the territorial fights that must have preceded this ownership change. However, the circumstances immediately following the apparent takeover are noteworthy. On 25 April 2004, a pair of peregrines, consisting of an adult male and a firstyear female, was using the same nesting cave that had earlier been occupied by the prairies. We do not know whether the peregrines had laid their own eggs or were brooding those of the prairies. By the end of May, the nesting attempt had failed. Both the peregrines and the pair of prairies were now frequenting opposite parts of the escarpment without any obvious hostilities between them. In 2005 and 2006, Prairie Falcons again bred successfully at site A2 and no peregrines were seen there.
Site B1. In 1997, this cliff site became the scene of prolonged interspecific strife when a pair of peregrines drove off the resident Prairie Falcons, possibly forcing them to abandon their eggs, but the peregrines did not nest. In 1998 and 1999, a pair of prairies used a large nesting cave under an overhang, while the peregrines laid eggs on an exposed ledge near the top of the same escarpment about 35 m from the cave. After their eggs were depredated, probably by a coyote (Canis latrans), the Peregrine Falcons remained in the area and were subsequently observed bringing food to the Prairie Falcon nestlings under the overhang. The peregrines appeared to prevent the parent prairies from entering. During our last visit of the 1999 breeding season, there were three fledged Prairie Falcons and two adult peregrines present at the site. Prior to the next breeding season, the overhang collapsed and no young were produced at the site in that year. After a nest box was hung on the escarpment and an enclosure built around it to prevent mammalian entry, the site was used by peregrines for three successive seasons up to 2005, but not in 2006.
Hack Site No. 1. In 1992, the displaced pair of Prairie Falcons, whose own young had been removed by AFWD staff, brought food to the recently-released fledgling peregrines. On 15 July, an adult male peregrine arrived at the site. Alternately attacked by both prairies, the peregrine made vigorous counter-attacks, stayed around for several weeks, and also brought prey items to the hacked fledglings. Identified by his band number, this adult peregrine was captive-reared and had been crossfostered into a Prairie Falcon nest in southern Alberta. Cross-fostering of juvenile peregrines into Prairie Falcon nests was commonly practiced in some western regions of North America (Cade and Burnham 2003) . To our knowledge, there is only one record -from Saskatchewan -of a crossfostered male peregrine interbreeding with a female Prairie Falcon and raising hybrid young (Oliphant 1991) . In addition, on a hack tower in Utah in the mid-1980s, a male peregrine mated successfully with a female Prairie Falcon that had been a falconry bird ( J. Enderson pers. comm.).
